Background: The accepted function of the hypothalamic peptide, thyrotrophin-releasing hormone (TRH), is to initiate release of thyrotrophin (TSH) from the pituitary. A physiological role for TRH in lactating rats has not yet been established. Methods: Tissues were prepared from random-cycling and lactating rats and analysed using Northern blot, real time RT-PCR and quantitative in situ hybridisation.
Introduction
Administration of thyrotrophin-releasing hormone (TRH) stimulates release of prolactin (PRL) and thyrotrophin (TSH) from the pituitary gland in humans and animals (1 -6) . TRH is accepted as the physiological releasing hormone for TSH. In contrast, the role of TRH in controlling PRL secretion is less clear (7 -9) . It is generally accepted that PRL is under major physiological inhibitory control from the hypothalamus via dopaminergic pathways, and that a rise in PRL secretion occurs when dopamine release is reduced (8, 10, 11) . During pregnancy and parturition in humans there is a progressive and massive increase in PRL secretion, resulting in maintained elevated levels of the hormone in plasma. These changes are associated with initiation of lactation. In lactating women, a substantial increase in circulating PRL concentration occurs during suckling while TSH is unchanged (1, 2) . Also, in rats, suckling has only a small effect on the concentration of TSH in plasma compared with the substantial elevation of PRL observed (9, 12, 13) . Therefore, if TRH is involved in PRL secretion and lactation, it probably does not act as a releasing hormone, but as a modulator of synaptic activity. Contrasting results regarding the effect of TRH immunoneutralisation on suckling-induced PRL release have been reported (9, 14) . Suckling has been shown to have a positive effect on proTRH mRNA expression in the rat paraventricular nucleus (PVN) (15) . At present, it is still uncertain if the TRH/TRH receptor 1 (TRHR1) system is involved in the suckling reflex. In the present study we wanted to examine if suckling leads to changes in the expression of proTRH and/or TRHR1 mRNA in identified regions of the central nervous system (CNS) and in the pituitary gland, using Northern blot analysis and real time RT-PCR combined with quantitative in situ hybridisation. Our working hypothesis was that possible changes in the TRH/TRHR1 system would be dependent on the duration and intensity of suckling, and therefore would be easier to detect after a longer duration of suckling. In an attempt to study the possible influence of a reduced plasma PRL level on these parameters, we used the dopamine D2 receptor agonist, bromocriptine, which also inhibits suckling-induced PRL secretion.
Materials and methods

Animals and tissue preparation
Female Wistar rats (Taconic Europe, Ry, Denmark) weighing 290 -340 g, had access to males of proven fertility. The experimental protocol was approved by the Norwegian National Committee of Animal Research prior to the experiments. The female rats which were housed individually prior to delivery gave birth to six or eight pups. Care was taken not to disturb the mothers, and the litter size was therefore not changed. Normal suckling and nesting behaviour were observed in groups II, III and IV. The only access to food was breast feeding. After a brief (1 min) exposure to CO 2 -gas, about 2 ml heparinised blood was obtained by heart puncture before the rats were killed by decapitation. The brain and other tissue samples were dissected from the mothers immediately after death using a carefully designed and standardised protocol (16) . The tissues were directly frozen on dry ice or in liquid N 2 . Horizontal brain sections (15 mm) were cut on a cryostat, mounted on silane-treated slides and stored at 2 80 8C until further processing. The stereotactic coordinates of the sections were ascertained in accordance with the work of Paxinos and Watson (17) . Plasma was obtained by centrifugation and frozen at 2 20 8C for PRL measurements.
The following groups of rats were used: (a) group I, random-cycling, age-matched females -Northern analysis: n ¼ 6, quantitative in situ hybridisation (ISH): n ¼ 3; (b) group II, mothers nursing their pups for 20 days -Northern analysis: n ¼ 9, quantitative ISH: n ¼ 3; (c) group III, mothers nursing their pups for 19 days before removal of the pups during the last 24 h -Northern analysis: n ¼ 6; (d) group IV, nursing rats received bromocriptine (1.25 mg/kg) twice, by two separate subcutaneous injections on day 10 and day 15 after birth, and were otherwise treated as rats in group II -Northern analysis: n ¼ 5.
Prolactin (PRL) determination
PRL concentrations in plasma were measured by radioimmunoassay (RIA) as described previously (18) . The lower limit of detection was 1.0 ng/ml and intra-and interassay variations were 8.5% and 11% respectively.
Preparation of total RNA and Northern blot analysis
Total RNA was isolated according to a modification of a previously described method (19) . Total RNA was extracted by homogenisation of tissue in guanidine thiocyanate (GTC) buffer consisting of 5 mol/l GTC, 25 mmol/l Na-citrate, pH 7.0, 0.5% sodium lauroyl sarcosine (SLS) and 2-mercaptoethanol. The tissue homogenate was centrifuged in a caesium chloride (CsCl) gradient in a Beckman Ultracentrifuge (Beckman Instruments GmBH) for 15 h at 36 000 r.p.m. at room temperature. After centrifugation, the RNA was dissolved in a buffer consisting of 10 mmol/l Tris (pH 7.0), 5 mmol/l EDTA (pH 8.0) and 1% SDS. Proteins were removed from the RNA solution by extracting with phenol and then with phenol and CHISAM (chloroform:isoamyl alcohol, 24:1) together. After precipitation with 1/10 volume 3 mol/l Na-acetate (pH 5.2) and 2.5 -3 £ volume 100% ethanol, and washing with 70% ethanol, RNA was dissolved in sterile water and quantitated by a spectrophotometer at 260 nm (4054 UV/Visible Spectrophotometer Ultrospec Plus, LKB-biochem, Amersham Pharmacia Biotech Inc.).
After denaturation (50% formamide, 6% formaldehyde followed by heating (15 min at 50 8C) and cooling on ice), total RNA (20 -40 mg) was separated in 1.5% agarose gel (6.7% formaldehyde, 20 mmol/l Naphosphate, pH 7.0) and transferred to a nylon membrane (Hybond N þ , Amersham Pharmacia Biotech Inc.) using 20 £ SSC (150 mmol/l NaCl, 15 mmol/l Na-citrate, pH 7.0) and a capillary-blotting technique (20) . The membrane was UV crosslinked for 2 min using a UV transilluminator and baked at 80 8C for 2 h. The filters were prehybridised, hybridised, washed and stripped according to the manufacturer's instructions. Radioactively labelled cDNA probes of rat (r) proTRH or rTRHR1 (5 £ 10 6 c.p.m./ml each) or human glyceraldehyde-3-phosphate dehydrogenase (hGAPDH, 1 £ 10 6 c.p.m./ml) were added to the hybridisation solution. Washing was carried out twice in 2 £ SSPE/0.1% SDS for 15 min at room temperature, once in 1 £ SSPE/0.1% SDS for 20 min at 65 8C and at least once in 0.1 £ SSPE/0.1% SDS for 15 min at 65 8C. The membranes were exposed to Hyperfilm (Amersham Pharmacia Biotech Inc) at 2 70 8C for several days. Variation in loading was corrected for by normalisation to hGAPDH mRNA.
Probe synthesis and labelling for Northern hybridisation
Three different cDNA probes were used: rproTRH, rTRHR1 and hGAPDH. The probes were made by random priming and labelled with 32 P according to the manufacturer's instructions (Oligolabelling Kit, Amersham Pharmacia Biotech Inc.).
The rproTRH cDNA (700 bp) was made by reverse transcriptase-polymerase chain reaction (RT-PCR). The RT reaction used 0.5 mg total RNA of a rat hypothalamus and 0.5 mg Oligo dT15 (Promega). After incubation at 70 8C for 10 min the solution was rapidly cooled on ice. Reaction buffer (First Strand 5 £ buffer, Promega), 0.5 mmol/l dNTP and 200 U M-MLV-RT (Promega) were then added to a final volume of 20 ml before incubation at 42 8C for 1 h. The reaction was stopped at 95 8C for 5 min. The specific primers (Gibco BRL) in PCR were: forward primer
The PCR mixture consisted of 1/10 of the RT mixture, reaction buffer, 0.1 mmol/l dNTP, 0.2 mmol/l of each primer and 2 U AmpliTaq Gold DNA polymerase (Perkin Elmer, Hvidovre, Senmark). The reaction mixture was heated to 95 8C for 3-5 min before addition of polymerase (hot-start), followed by 35 cycles of denaturing at 95 8C for 1 min, annealing at 50 8C for 1 min and extension at 72 8C for 1 min. An extra extension at 72 8C for 10 min was used at the end. The PCR products were cloned into the pCRII-TOPO vector according to the manufacturer's instructions (Invitrogen), and their sequences confirmed.
An rTRHR1 specific cDNA clone (700 bp) (21) showing a sequence homology to the rTRHR2 (22, 23) of less than 30%, was used. The rTRHR1 gave a single mRNA species of 3.8 kb on all Northern blots, different from the 9.4 kb mRNA reported for the rTRHR2 (22, 23) . An RT-PCR-based hGAPDH cDNA probe (450 bp) was made by using primers from Clontech (#5405-1). In the RT reaction, 1 mg total RNA from a human TPXM cell line was used. The PCR was performed using AmpliTaq Gold polymerase (Perkin Elmer) according to the manufacturer's instructions, modified to 35 cycles and an annealing temperature of 60 8C.
Real time RT-PCR for TRH degradation enzyme (TRHDE) and b-actin Four micrograms total RNA were used for reverse transcription. Twenty microlitres cDNA solutions were diluted to 100 ml with carrier MS2 virus DNA (10 mg/ml). Two microlitres cDNA solution were used in each PCR reaction. Real time RT-PCR was performed as described (24 
In situ hybridisation (ISH)
The ISH was performed by a modified version of the protocol described by Hoover and Goldman (25) as described by Torp et al. (26) . Fixed (4% formaldehyde) 15 mm sections were rehydrated through graded alcohols (90%, 80%, 70%, 50%), rinsed in 2 £ SSC (0.3 mol/l NaCl, 0.03 mol/l Na-citrate, pH 7.0) and digested with Proteinase K (10 mmol/l/ml) in 0.1 mol/l Tris -HCl and 0.05 mol/l EDTA for 15 min at 37 8C. The sections were then acetylated with 0.25% acetic anhydride in 0.1 mol/l triethanolamine (pH 8.0) for 10 min at room temperature, dehydrated through graded alcohols (50%, 70%, 80%, 90%) and dried. The sections were incubated in hybridisation solution (0.01 mol/l Tris -HCl, pH 7.4, 50% formamide, 0.3 mol/l NaCl, 0.001 mol/l EDTA, 10% dextran sulphate and 1% blocking solution) containing 4 ng (rproTRH, antisense and sense) or 12 ng (rTRHR1, antisense and sense) of digoxigenin-labelled RNA probe per ml. The riboprobes were made by in vitro transcription and labelled with digoxigenin (DIG)-UTP according to the manufacturer's instructions (DIG RNA Labelling Kit, Boehringer Mannheim). The slides were covered with Parafilm and placed in a humid chamber for 16 -20 h at 55 8C. Following hybridisation, the sections were rinsed for several times in 2 £ SSC at room temperature (3 £ 5 min and 1 £ 30 min) before they were immersed in 2 £ SSC containing 50% formamide at 55 8C for 30 min. The formamide was removed by washing with 2 £ SSC at room temperature (2 £ 10 min). Unhybridised mRNA and RNA probes were removed from the sections using ribonuclease A (RNaseA, 50 mg/ml) in 0.01 M Tris-HCl, pH 7.4, 0.3 mol/l NaCl and 0.001 mol/l EDTA at 37 8C for 30 min. The sections were then rinsed in the same solution without RNaseA, at 60 8C for 30 min followed by incubating at room temperature in a washing/blocking solution (2 £ SSC, 0.05% Triton X-100, 1% blocking solution) for 3 h. The sections were rinsed with 1 £ maleate buffer (0.1 mol/l maleic acid and 0.15 mol/l NaCl, pH 7.5) for 2 £ 5 min and immersed in 1 £ maleate buffer containing alkaline phosphatase-conjugated DIG antibody (1:3000), 0.3% Triton X-100 and 1% Blocking solution for 16 -20 h at 4 8C. The sections were rinsed in 1 £ maleate buffer for 2 £ 5 min, once in 1 £ Buffer #3 (0.1 mol/l Tris, 0.1 mol/l NaCl, 0.05 mol/l MgCl 2 ) for 10 min and then incubated with chromogen solution (nitroblue tetrazolium (NBT), 5-bromo-4-chloro-3-indolyl-phosphate (BCIP) and 2 mmol/l levamisole in 1 £ maleate buffer) at 37 8C in the dark for 5 h (rproTRH) or 8 h (rTRHR1). The reaction was stopped by immersing the sections in a solution consisting of 10 mmol/l Tris, pH 7.5, 1 mmol/l EDTA, pH 8.0 and 0.9% NaCl. Sense riboprobes were used as negative controls. The specimens to be compared were given identical treatments to compensate for possible non-linearity in, for example, chromophore deposition.
Quantitative ISH of rproTRH mRNA and rTRHR1 mRNA
From three brains of rats from groups I and II, every fifth section (15 mm) from the hypothalamus was hybridised with rproTRH or rTRHR1 antisense probes. Control hybridisations with the same probes in sense orientation were carried out for every 49th and 50th section. Areas of the hypothalamus in which either rproTRH mRNA or rTRHR1 mRNA (or both) were highly expressed were selected for quantification. Typically, 10 -16 sections were found to cover the area of interest. The analyses were carried out by three persons quantifying blind to the protocol using both manual cell count as well as image processing employing a pixel program system (Scion Image, NIH, Frederick, UA, Frederick, UA, USA).
The slides were photographed using a Leica MPS 60 camera (Kodak EPY64T film) on a Leica HC microscope, scanned using a Nikon Super coolscan 5000 and transferred into Photoshop 7.0 (Adobe) for analysis. Images to be used for quantification with the Scion Image program were first converted to black and white using the greyscale function. After importing the images into Scion Image, the background was subtracted using the 'processsubtract background' function and all grey values in the images converted to different densities of either black or white pixels using the dither function. This gives a pixilated representation of the original grey scale image having a scale from 0 to 256 where 0 represents all white pixels and 256 represents all black pixels. The number of black pixels was counted in each image within a defined area of interest. This number was in each case divided by the area of the region, converting it to a pixel density value. From this value, the corresponding value from the sense image was subtracted in order to correct for background. The corrected value was then multiplied by the corresponding area and the sum of values from sections throughout the brain region of interest provided the final number of total ISH signals for one nucleus/region. Hence, variation in pixel density values represents differences both in the numbers of positive cells as it relates to the total areas of signal, and in signal intensity in each positive cell, relating to the intensity of signal per area.
Statistical analysis
The results are presented as mean values^S.E.M. For experiments with three or more groups, the KruskalWallis non-parametric test, followed by a Dunn's Multiple Comparison test were used to calculate the levels of significance (P values) for n ¼ 3-9 rats per group using GraphPad Prism program version 4.00 (GraphPad Software Inc., San Diego, CA, USA). To compare the two groups examined in the ISH analysis, a Mann-Whitney test was used to calculate the levels of significance (P values).
Results
Regional effects of suckling on TRHR1 mRNA expression in hypothalamus
Northern blot analysis from dissected hypothalami shows that rats in group II had a 2.6-fold (P , 0.001) increase in relative values of TRHR1 mRNA compared with random-cycling control animals in group I (Fig. 1) . In rats subjected to a reduced lactating period due to early removal of the pups (group III), the TRHR1 mRNA expression almost returned to that of the non-lactating rats (group I).
Groups I and II were also compared using complementary quantitative ISH performed on sections of hypothalamic regions selected for a high expression of either TRHR1 and/or proTRH mRNA, namely the supraoptic nucleus (SON), the paraventricular nucleus (PVN), the lateral mammilary body (LM) and the lat- Figure 1 The effects of suckling and bromocriptine treatment on hypothalamic TRHR1 mRNA. Northern blot analyses using 20 mg hypothalamic total RNA per lane from random-cycling control rats (group I) and from three groups (II, III and IV) of lactating mothers (see Materials and methods) are shown. The results are mean values^S.E.M. Group II compared with group I or group III, P , 0.01. Group II compared with group IV, P , 0.05. (A) TRHR1 mRNA expression in the four different groups as assessed by semi-quantitative densitometric scans. (B and C) Representative Northern blot analysis of TRHR1 and the internal standard GADPH in the four different groups. The films were exposed for 10 days (TRHR1) or 2 days (GAPDH) respectively. eral preoptic area (LPO), and the substantia nigra, pars compacta (SNC) in the mesencephalon. Quantification was carried out by cell count and by expressing images from the area of interest as pixel density and by using the Scion Image program (NIH, see Materials and methods). The two approaches gave corresponding results as shown in Fig. 2 . In group II a marked upregulation was detected in the SON (cell count (A1): 2.7-fold, P , 0.05; image processing (A2): 1.4-fold, P ¼ 0.1). Although no statistical difference was found in the PVN, a small increase could be detected (cell count (B1): 1.3-fold, P ¼ 0.7; image processing (B2): 1.2-fold, P ¼ 0.2). TRHR1 mRNA expression was most markedly increased in group II in the LM (cell count (C1): 4.1-fold, P , 0.05; image processing (C2): 3.8-fold, P , 0.05). Typical histological pictures showing TRHR1 mRNA-positive neurons in the three different regions are shown in Fig. 3 . Note the more dense areas of TRHR1 mRNA-positive neurons in the SON compared with the PVN and LM.
TRHR1 mRNA in other CNS regions and in the pituitary
TRHR1 mRNA expression levels were reduced by about 50% (P , 0.05) in the amygdala in group II compared with controls (group I) animals (Table 1) . Otherwise, no significant changes were found between the experimental groups in the hippocampus, cortex or cerebellum as measured by Northern blot analysis. In the thalamus and striatum, TRHR1 mRNA was only faintly present, and no variation was found between the groups (data not shown).
In the pituitary, suckling resulted in a 3.2-fold (P , 0.01) increase in relative expression levels of TRHR1 mRNA in rats of group II compared with random-cycling females (group I, Fig. 4) . Following reduced suckling stimulus the expression of TRHR1 mRNA for rats in group III was reduced, but was still 1.6-fold above the non-lactating control group.
Suckling-induced regional effects on proTRH mRNA in the hypothalamus
Results from the hypothalamus show that rats in group II had a 1.6-fold (P , 0.001) increase in relative values of proTRH mRNA compared with group I rats as judged by Northern blot analysis (Fig. 5) . In the absence of a regular suckling stimulus, the level of proTRH mRNA in the hypothalamus was not maintained, but declined almost to group I levels after 24 h (group III versus group II). Results from the quantitative ISH analysis (Fig. 6 ) demonstrated that although there was a relative increase in proTRH mRNA in the SON of group II rats, the results did not reach statistical significance (cell count (A1): 1.3-fold, P ¼ 0.35; image processing (A2): 1.5-fold, P ¼ 0.1). The highest proTRH mRNA increases in group II compared with group I animals were in the PVN (cell count (B1): 1.7-fold, P ¼ 0.2; image processing (B2): 1.4-fold, P , 0.05) and in the LPO (cell count (C1): 2.4-fold, P , 0.05; image processing (C2): 1.9-fold, P , 0.05). The SNC in the mesencephalon also showed an increase in proTRH mRNA expression in group II compared with group I animals (cell count (D1): 1.8-fold, P ¼ 0.1; image processing (D2): 1.3-fold, P , 0.05).
Typical histological pictures showing proTRH mRNA-positive neurons in the four different regions are shown in Fig. 7 . Note the more dense areas of proTRH positive neurons in the SON and LPO compared with the PVN and SNC. 
B). (C) Positive ISH signals in the paraventricular nucleus (PVN) on both sides of the third ventricle (3v). (D) Enlargement of the cells within the frame in (C). (E) Positively labelled cells in the lateral mammillary body (LM). (F)
The cells in the frame in (E) shown in higher magnification. Scale bars: A, C and E, 240 mm; B, D and F, 63 mm. Table 1 The effects of suckling and bromocriptine treatment (see Materials and methods) on TRHR1 mRNA expression. The mRNA expression was evaluated by Northern blot analysis and quantified by densitometric scanning. Values for TRHR1 mRNAs are relative to those of GAPDH and normalised to group I. Mean values^S.E.M. of 3-6 rats (n). For n ¼ 2, the mean values and range are given. 
Group
ProTRH mRNA in other CNS regions and in the pituitary
No significant changes in proTRH mRNA expression between the groups were observed in thalamus, cortex and cerebellum as measured by Northern blot analysis (data not shown). Due to the low amounts of proTRH mRNA in the pituitary, real time RT-PCR was used to measure the proTRH mRNA expression. However, no significant difference was found between the groups (data not shown). ProTRH mRNA expression could not be detected in either the striatum or the hippocampus.
Alterations in TRHR1 and proTRH mRNA expressions caused by bromocriptine treatment
Bromocriptine is known to inhibit PRL secretion through dopaminergic mechanisms (27) . In order to analyse a possible association between changes in PRL plasma concentrations and TRHR1 and proTRH mRNA expression, we tested if bromocriptine led to alterations in TRHR1 or proTRH mRNA expression in the pituitary and/or the brain. Plasma PRL concentrations were elevated about 25-fold (P , 0.001) in the most suckling intensive group, group II ( Table 2) . Bromocriptine given to freely nursing rats reduced plasma PRL concentration by 2/3 (P , 0.05) ( Table  2 , group IV) while removal of the pups dramatically lowered plasma PRL by about 5/6 (group III) compared with group II. However, the PRL levels were still elevated compared with the control group (group I). In the hypothalamus, this pharmacological intervention decreased the suckling-induced TRHR1 and proTRH mRNA expression by 63% and 73% respectively (Figs 1 and 5, group IV versus group II). Bromocriptine reduced the proTRH mRNA expression by about 30% (group II versus group IV). Thereby, proTRH mRNA expression was reduced to the same level as in the random-cycling control animals (group I). In the pituitary, TRHR1 mRNA expression surprisingly showed a further increase after bromocriptine treatment (6.2-fold higher in group IV compared with group II animals, Fig. 4 ). This is 15-fold more than the values found in random-cycling females (P , 0.01).
No effect of suckling on TRHDE mRNA expression
To test if suckling had possible secondary, modulating effects on the other parts of the TRH system, we quantified the mRNA expression of the specific TRH degradation enzyme (TRHDE) in the pituitary and hypothalamus using real time RT-PCR (Table 3) . No significant changes in TRHDE mRNA expression were observed between the various experimental groups.
Discussion
In the present study, we wanted to analyse whether suckling-induced lactation gave a recognisable molecular signature involving the proTRH/TRHR1 system in the hypothalamus and other areas of the CNS. Our experiments show for the first time an upregulation of rat TRHR1 mRNA expression in the hypothalamus and in the pituitary during the physiological process of suckling-induced lactation (Figs 1 and 4) . It is noteworthy that these changes were highly reversible and critically dependent on the suckling intensity. The marked difference between TRHR1 and proTRH mRNA expression in groups II and III (Figs 1, 4 and 5) was closely associated with the presence/absence of the suckling stimulus during the last 24 h. A rapid regulation of proTRH mRNA expression in the hypothalamus has previously been described as already occurring after 30 min of suckling (15) and sucklinginduced serum PRL responses occur within 2-15 min in lactating women (2, 15) . Nillni and co-workers have reported a five-and sixfold increase in hypothalamic preproTRH mRNA expression and in serum PRL respectively in lactating rats which had been separated from their pups for 6 h on postnatal day 4, and then reunited with them for 45 min (28).
Rats and humans both demonstrate a maximum increase in serum PRL during suckling after 30 min (2, 15). Thus, rapid neuroendocrine adaptations are followed by discrete changes in the neuronal molecular network associated with the suckling -lactation reflex. Do the enhanced PRL secretion and plasma PRL levels directly influence proTRH and/or TRHR1 mRNA expression? In this study, plasma PRL concentrations were changed in two ways. In the first, removal of the suckling stimulus led to an approximate 85% reduction in plasma PRL levels. In the second, bromocriptine given to freely nursing rats which showed normal maternal and grooming behaviour, reduced plasma PRL by about 65% (group IV versus group II, Table 2 ). During both these instances, proTRH mRNAs were normalised in the hypothalamus (Fig. 5) . Also, TRHR1 mRNA levels were reduced towards control values in the hypothalamus (Fig. 1) . Together, these observations indicate that suckling is the major modulator of the TRH/TRHR1 system in the hypothalamus.
PRL may, however, contribute to the regulation of TRHR1 expression. The present results show that continued suckling is critical to maintain both plasma PRL levels as well as proTRH and TRHR1 mRNA expression in the hypothalamus (group III versus group II: Table 2 , Figs 1 and 5) . However, although bromocriptine 
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P , 0.001, group II versus group I; P , 0.01, group II versus group III; P , 0.05, group I versus groups III or IV and group II versus group IV.
decreases the PRL concentration in the plasma of lactating animals, the hormone concentration does not decrease as much as in animals in group III. Furthermore, the decrease in TRHR1 expression is not as pronounced in group IV as in group III, and this can be accounted for by the higher PRL levels in group IV. It has been established that the primary structure of hypothalamic and pituitary PRL is identical. In the present experiments we cannot differentiate between the effects of circulating and locally produced hypothalamic PRL since circulatory hormone has access to hypothalamic neurons through the choroid plexi of the brain ventricles (29) . Circulating PRL may also enter the brain by retrograde blood flow from the anterior pituitary to the hypothalamus (30, 31) . Hence, it is not possible to determine whether the changes in TRHR1 mRNA expression may be attributed to the higher levels of plasma PRL in group IV compared with group III animals, or are a result of locally synthesised PRL or both. Both the long and short form of the PRL receptor (PRLR) (32) are present in the hypothalamus and in the pituitary. It is possible that hypothalamic PRL also acts as an autocrine/paracrine hormone since SON and PVN were found to express high levels of PRLR in lactating, but not in dioestrous, rats (33) .
Suckling-initiated reduction in the tonic dopamine inhibition has been suggested not to be the only mechanism by which PRL secretion is enhanced during lactation, as summarised by Martinez de la Escalera and Weiner (34) . In this context, the up-regulation of proTRH/TRHR1 mRNAs in the SON and PVN which contain PRL and PRL receptor positive neurons during lactation (35, 36) may be part of a local feedback loop to enhance hypothalamic stimulation of PRL secretion from the pituitary. Our data also support the possibility that a similar mechanism may prevail in the pituitary where lactotrophs, which contain receptors for dopamine and other hypothalamic hormones known to affect PRL secretion, show up-regulation of TRHR1.
Binding of PRL to its receptor leads to receptor dimerisation and activation of the Jak/STAT pathway, reviewed in Freeman et al. (37) . The consensus DNA motif recognized by STAT1, STAT3 and STAT5 homoor heterodimers is termed GAS (g-interferon activated sequence) and consists of the palindromic sequence; TTCxxxGAA (38) . Re-examining the human TRHR promoter sequence (39), we found one perfect match of the GAS consensus motif in position 2 26 to 2 18 relative to the translation start site and several potential binding sites containing only one mismatch. Hence, increased transcription of the TRHR1 gene may occur after PRL activation of the Jak/STAT pathway. It is also of interest that we have previously described binding of the glucocorticoid receptor to the human TRHR promoter (40) as this receptor has been proposed to interact with STAT to initiate cell-and cytokine-specific responses (41, 42) . In the pituitary, the anterior pituitary-specific transcription factor Pit-1 is a candidate for regulation of the TRHR gene, since we have previously demonstrated that Pit-1 binds to the human TRHR gene promoter in a cell type-specific manner (39) .
Bromocriptine acts on dopamine D2 receptors which are also present in the pituitary (43) . The detailed molecular actions of bromocriptine (2-bromo-alphaergocryptine), a semi-synthetic ergot alkaloid with long-term stimulatory effects on dopamine D2 receptors, are not known. Since bromocriptine is able to penetrate the blood -brain barrier (44) , the drug will have access to most dopaminergic systems in the CNS. It is clinically used to reduce hyperprolactinaemia and to inhibit milk secretion, as well as to treat, for example, Parkinson's disease and acromegaly (45 -50) . TRHR1 mRNA expression is highly up-regulated in the pituitary after treatment with bromocriptine (Fig. 4) . The molecular mechanisms for increased TRHR1 mRNA levels are unknown, but could be a way to compensate for the decrease in plasma PRL concentration in an effort to make the pituitary more responsive to TRH. Maintained plasma PRL concentrations would also help to sustain milk production and lactation. It is known that activated TRHR1 signals through the Gaq/11 and a subset of Gas heterotrimeric G-proteins (51 -54) . It is therefore of interest that Gaq/11-deficient mice where the PRL release axis was normal, did not display any maternal behaviour including nursing (55) . We have previously shown that many signal transduction effects caused by TRH in pituitary adenoma cells (GH cells) in culture, are inhibited or abolished by bromocriptine. These effects could be explained by inhibition of G-protein actions (G i2 , G o , G s and G q/11 ) (56, 57) . In addition to these TRH-inhibitory actions, bromocriptine has also been shown to stimulate the pituitary TRH degrading enzyme (TRHDE), a TRH-specific ectoenzyme responsible for the inactivation of TRH (58) . This is another mechanism whereby bromocriptine would be able to decrease the biological effect of TRH at the pituitary level. However, no significant change in TRHDE mRNA expression (Table 3) was detected in the hypothalamus or in the pituitary between the different experimental groups. Thus, the changes in proTRH mRNA expression reported in this study are not influenced by, or are secondary to, altered TRH half life. In this study we examined, in particular, the PVN, SON, LPO and LM, as well as the SNC, which is a mesencephalic region enriched in dopaminergic cells located adjacent to the hypothalamus. The reason for this was that neurons in these areas showed a high expression of mRNA coding for proTRH and/or TRHR1, as documented in histological in situ analyses. The up-regulation of proTRH and/or TRHR1 mRNA in the different nuclei was mainly a result of more cells expressing proTRH/TRHR1 mRNA since the results from cell-counting paralleled the results from the image processing.
Our data show that TRHR1 mRNA expression is upregulated in the SON and the LM during suckling. TRHR1 expression is also slightly increased in the PVN. This is of great interest since oxytocin and vasopressin are both produced in the SON and the PVN (59, 60) . They are important, for example, in milk secretion, fluid balance and nesting behaviour (61) . Intracerebroventricular administration of TRH leads to increased concentrations of oxytocin and vasopressin in the hypothalamus and in the posterior pituitary in nursing rats (62) . Noradrenalin and serotonin are known to control arginine-vasopressin and oxytocin secretion in the systemic circulation, and have recently been shown to do the same in the PVN and the SON in mouse (63) . However, TRH had no effect on noradrenalin release from neurons of the PVN (64) . TRH may still act by modulating release of, for example, serotonin from these nuclei and noradrenalin from the SON. TRH, noradrenalin and serotonin may also act in parallel giving an additive or synergetic effect on oxytocin and vasopressin release.
In addition, the nerve cells located in these nuclei are known to project fibres to other hypothalamic regions in particular, but also to distinct, extra-hypothalamic brain areas. Accordingly, TRH may, in relation to nursing, modulate a number of CNS functions through activation of TRHR1 (65) . The present findings extend previous observations of Uribe, Sanchez and colleagues (15, 66) that showed that mRNA for proTRH was up-regulated in the PVN under a number of physiological conditions such as lactation and stress associated with freezing.
In our study, TRHR1 mRNA expression was reduced in the amygdala in group II animals (Table 1) , but was normalised 24 h after termination of suckling (group III). The nerve cells located in this area are known to project fibres to other hypothalamic regions and/or to distinct, extra-hypothalamic brain areas, thereby making it possible to influence a number of brain functions associated with motherhood and nursing. These possibilities indicate a functional link between the hypothalamus and the amygdala in the suckling -lactation reflex. In contrast, no significant changes were found between the experimental groups in the hippocampus, cortex or cerebellum, indicating that these areas do not participate in this response. ProTRH mRNA expression did not show any significant changes between the groups in the thalamus, cortex or cerebellum (data not shown).
Our results indicate that suckling through neuronal activation stimulates the hypothalamic nuclei to increase synthesis and release of proTRH and up-regulates the TRHR1 system. TRH acting through TRHR1 may modulate the synaptic circuitry which is involved in lactation and may also be important for the grooming behaviour of rats. Taken together, the present and earlier results open up an emerging understanding of the involvement of TRH and TRHR1 in the physiology and pharmacology of suckling-induced lactation at the pituitary and the hypothalamic levels.
